Time and history weave patterns with seemingly unrelated facts, as the weaver of a Persian rug blends varied threads through his loom to produce a design of ageless beauty. So it is with the facts of medical knowledge. Gathered and contributed by many workers, they may seem inconclusive or even insignificant at the time of their publication. But when they have been properly assembled and wisely interpreted, they, too, make patterns -of knowledge, if not of beauty. Such are the materials of scientific achievement in medical history.
Today, every medical student the world over knows of the islets of Langerhans. Their textbooks tell them that the islets of Langerhans are cellular structures within the pancreas, and that these structures have an important relationship to diabetes. But very few know anything about Paul Langerhans; who he was, when and where he lived, and how he made his discoveries. The name of Langerhans has already endured in medicine for 85 years, and it will undoubtedly be preserved in medical annals for centuries to come.
The most complete source of biographical information on Paul Langerhans is an essay by Morrison, 1 whose interest in Langerhans was motivated by a search for outstanding contribution to medicine made by men still in their undergraduate years. This was an interesting approach to the biography of a man, and it should be of particular interest to members of the American Diabetes Association.
Paul Langerhans, working in Virchow's laboratory at the Berlin Pathological Institute, began the study of anatomy of the pancreas in 1867 and reported his findings in 1869. A similar instance of medical discovery by an undergraduate student of medicine occurred on this continent within our own lifetime. At the University of Toronto, a graduate student in physiology while still an undergraduate student of medicine, working with Dr. Frederick Banting in 1921-1922 became the co-discoverer of insulin. His name is Charles Best. Never underestimate the powers of a medical student! That is something for oldsters to keep in mind, as we tread the corridors of our schools of medicine.
Paul Langerhans was born in Berlin on July 25, 1847. His father, Dr. Paul Langerhans, was a physician; his mother (nee Keibel) was a cousin of Franz Keibel, the eminent histologist. One brother, Robert Langerhans, an assistant to Virchow, was professor of pathology and another brother, Richard Langerhans, was an honored practitioner of medicine in Berlin. As a student in Jena, Paul was the pupil of Ernst Haeckel, his "adored teacher." Later in Berlin, Paul was influenced particularly by Julius Cohnheim and Rudolf Virchow, with both of whom he had developed close friendships. In all of this we see what can happen when good seed is planted in good soil, and when a good inheritance finds a good environment.
In the time of Langerhans, Claude Bernard had already demonstrated that the pancreas played an important role in the digestion and assimilation of carbohydrate, protein and fat. At that time the pancreas was simply described as a racemose gland, containing a mass of infiltrating fat. The adjective racemose was applied in a purely morphologic sense, intended to convey the picture of a raceme plant in which the flowers are attached to short stalks which spring from the main stem, like the flowers of the lily-of-the-valley. This description is quite applicable to the appearance of the glands of external secretion of the pancreas, but unfortunately it revealed little more than that.
Of the existing knowledge pertaining to physiology of the pancreas at that time, Langerhans said, "There is indeed hardly another organ in which there is such glaring contrast between the brilliant results of physiologic research and the complete darkness in the realm of anatomic knowledge. Practically all that receives any thorough consideration from the anatomic point of view is the relationship of this gland to the peritoneum or whether the opening of this or that excretory duct is at a higher or lower level."
Langerhans' early observations were made on the rabbit; later he studied the salamander, guinea pig, dog, cat, pigeon, snake, frog, hen, as well as man. He studied the fresh and fixed state of pancreatic tissue, fragmenting the tissues into minute particles for microscopic study. After maceration of pancreatic tissue he differentiated nine different types of cells. Of these, one type in particular puzzled him greatly. "This cell," he said, "is a small irregularly polygonal structure, with brilliant cytoplasm; free of any granules with distinct round nuclei of moderate size. These cells lie together in considerable numbers, diffusely scattered in the parenchyma of the gland." Langerhans said he did not know the nature of the cells, and he felt that the best that he could do at the time was simply to call attention to them as deserving of serious study.
Later, observers found these cells present in the pancreas of all vertebrates. Twenty-four years later, Laguesse, a French histologist, noted these clusters of cells in the human pancreas, identified them as the ones already described by Langerhans, and called them "the islets of Langerhans." Laguesse expressed his opinion that these cells were the seat of an internal secretion of the pancreas.
Between the time of Langerhans' observations in 1869 and those of Laguesse in 1893 Kiihne and Lea in 1882 demonstrated an intimate relationship between these cells and the capillaries and nerves of the pancreas. And then Dogiel in 1893 further showed that there was no connection between these cells and the duct system of the pancreas.
During the year 1870 Paul Langerhans travelled through Northern Africa and Asia Minor. He wrote letters home to Virchow, commenting on leprosy, on the skull measurements of bedouin and fellahin, and he commented in general on the backward state of medicine in the near east, as he saw it in the city of Jerusalem and elsewhere. Toward the end of that year, Langerhans returned to Germany. The Franco-Prussian War was raging, and he took clinical service in a Berlin hospital and ambulance service at the front.
After the war he worked with the famous Carl Crede, director of the obstetric and gynecologic wards at the Charite Hospital in Leipsig. Crede's name became widely known in connection with silver ointment. There Langerhans engaged in research and teaching for four years; his publications on the histology of the heart, genital organs and other subjects appeared in Virchow's Archives.
Following that period he was elected to full professorship. Unfortunately he had to give up this position because of active tuberculosis. To regain his health he moved to the island of Madeira, hoping for a cure. There he continued his research in zoology. He recovered sufficiently while on Madeira to resume the practice of medicine.
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In 1885 he married Margarethe Ebart with whom, as he said, he enjoyed three years of complete happiness. In 1888, following a systemic infection, he developed a serious kidney complication and on July 20th of that year, at the age of 41, he died-and was buried in Madeira. Thus ended the career of a young man who had made a brilliant and valuable contribution to medicine and to human welfare.
As we know, medical discovery in any field does not begin or end with one man. In the year after Paul Langerhans' death, von Mering and Minkowski reported the appearance of diabetes after experimental pancreatectomy. In 1901 the paper by Opie in which he described changes in the islets of Langerhans furnished evidence of the association of these structures with carbohydrate metabolism.
2 In a personal letter to me written February 22,1952, Opie made the following interesting comment: "When I was a second-year medical student in pathology, I found a body queer to me in a cross section of the pancreas and asked Dr. Welch what it was. Welch told me that these structures had been described by Langerhans in an inaugural dissertation, 3 and added; 'Find out all you can about them."Here was another medical student at work! Today we have a full appreciation of the value of Opie's contribution to the subject. His book on the pancreas was a byword in the medical world for many decades.
One of the anatomists to make classical contributions concerning the structure of the pancreas was our contemporary, Professor Richard R. Bensley. Bensley clarified to a large extent the relation of the islets of Langerhans to the ducts of the pancreas, the independence of the islets from acinar tissue, and the cell types in the islets. It has been said that Banting expressed great appreciation of the work described in Bensley's Harvey Lecture on the pancreas. In personal letters recently received from Russell M. Wilder and from Charles H. Best, both paid further tribute to Bensley. As I write, Professor Bensley has reached his eighty-fourth year, so let us honor the octogenarians in medicine as well as the medical students.
There are many more links in the chain of medical history that binds the period of Langerhans and the period of Best. Only a few of them could be mentioned in this brief sketch of the life of Paul Langerhans, but these few that I have noted are basic. They will stand for all time, linking the past with the present, and the future that is to come. This monograph presents a detailed summary of extensive and well-planned studies done in a lying-in hospital, Copenhagen, Denmark. It deals with carbohydrate metabolism during pregnancy in diabetic and nondiabetic women and with carbohydrate metabolism in their infants. The first chapter reviews current knowledge of carbohydrate metabolism in mammalian fetuses and newborn young. Subsequent chapters present an extensive review of previous investigations regarding carbohydrate metabolism in infants of nondiabetic and diabetic mothers, maternal blood sugar and blood sugar of infants of diabetic and nondiabetic mothers at birth, in the first 24 hours of life and during later neonatal periods, and to theories previously advanced regarding homeostatic mechanisms of control.
The writer's own investigations are summarized in chapters dealing with blood sugar levels in the mothers, with regard to duration and treatment of their diabetes (including complications), blood sugar levels in the infants of diabetic and nondiabetic mothers in the first 24 hours and later neonatal periods, in relation to sex, birth, weight, gestation time, maternal anesthesia, cyanosis at birth and after, maternal insulin dosage, responses to oral glucose tolerance tests.
Some salient findings emphasized in the author's summary are as follows: 1. During the first 24 hours of life, the course of the blood sugar curve was, in general, the same in infants of diabetic and nondiabetic mothers when the infants were kept under standard conditions; 2. Infants of diabetic as well as nondiabetic mothers withstood fasting 24 hours without exhibiting any constant decrease in blood sugar; 3. During the first 24 hours, there was a negative correlation between the mean blood sugar of the infant and the maternal mean blood sugar during the latter months of pregnancy; 4. The infants blood sugar varied also with the birth weight; this correlation being negative among the infants of diabetic and positive among those of nondiabetic mothers; 5. The mean blood sugar was subject to wide variations, in infants of both diabetic and nondiabetic mothers; 6. No correlation was found between symptons, such as cyanosis during the neonatal period and the infants' blood sugar; 7. Oral glucose tolerance tests during the first eight days of life were variable in both infants of diabetic and of nondiabetic mothers.
In a final chapter the writer discusses hypotheses regarding blood sugar regulations in newborn infants, including the homeostatic liver mechanism, without stating very definite conclusions but supporting as plausible the old hypothesis that maternal hyperglycemia in the pregnant diabetic may lead to fetal islet cell hypertrophy. An excellent bibliography includes 188 references.
